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ABSTRACT AND KEY-WORDS 
Introduction: This study aimed to assess intra- and inter-rater reliability of biceps 
thickness assessment by ultrasound (US) in elderly.      
Methods: Thirty elderly (80% women), with a mean age of 82 years (standard 
deviation [SD] 6.3 years), and mean BMI of 26.7 kg/m2 (SD 5.4 kg/m2), living in a 
nursing home or an adult day center, were included. To assess intra- and inter-rater 
procedural reliability, ultrasound measurements were performed by two raters 
considered “beginners” (R1, R2) on the biceps of the right arm. R1 repeated ultrasound 
measurements. To assess intra- and inter-rater measurement reliability, the first 
ultrasound image was analysed by three raters: R1, R2 and R3 who was considered 
experienced. All ultrasound measurements were performed with a BodyMetrixTM 
BX2000 device. Reliability was analysed by intraclass correlation coefficient (ICC), and 
was considered moderate to good if ICC=0.50-0.75 and good to excellent if ICC=0.75-
1.00. Statistical significance was set at p<0.05. 
Results: ICC was 0.630 for intra-rater procedural reliability. ICC for inter-rater 
procedural reliability of image1 (R1) vs. image 2 (R2) was 0.622, and 0.534 for image 2 
(R2) vs. image 3 (R1). ICCs for intra-rater measurement reliability of R1 and R2 were 
0.865 and 0.766, respectively. For inter-rater measurement reliability, ICC of R1 vs. R2, 
R2 vs. R3, and R1 vs. R3 were 0.865, 0.800 and 0.815, respectively. Results were 
statistically significant (p≤0.001). 
Conclusion: Procedural reliability of biceps thickness assessment in elderly is 
moderate to good, whereas measurement reliability is good to excellent. 
Increasing the level of experience may further improve procedural reliability. 
 
Key-words Elderly, ultrasound measurement, biceps, reliability, muscle thickness. 
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RESUMO E PALAVRAS-CHAVE 
Introdução: Este estudo pretende avaliar a confiabilidade intra- e inter-observador na 
avaliação da espessura do bíceps em idosos, por ecografia. 
Métodos: Trinta idosos residentes em lares ou frequentadores de centro de dia (80% 
mulheres), com idade média de 82 anos (desvio-padrão [DP] de 6,3 anos), foram 
incluídos. A avaliação da confiabilidade do procedimento intra- e inter-observador, 
foram realizadas por dois observadores iniciantes (R1, R2) no bíceps do braço direito. 
O R1 repetiu as medições ecográficas. A Avaliação da confiabilidade da medição intra- 
e inter-observador, da primeira imagem ecográfica foi analisada por 3 observadores: 
R1, R2 e R3 (experiente). As medições foram realizadas com o aparelho BodyMetrixTM 
BX2000. A confiabilidade foi analisada pelo coeficiente de correlação intraclasse (ICC), 
(0,50-0,75 moderada a boa; 0,75-1,00 boa a excelente). Significado estatístico foi 
verificado quando p<0,05. 
Resultados: ICC= 0,630 para a confiabilidade do procedimento intra-observador. O 
ICC para a confiabilidade do procedimento inter-observador entre imagem 1 (R1) vs. 
imagem 2 (R2) foi de 0,622, e de 0,534 entre  imagem  2 (R2) vs. imagem 3 (R1). Os 
ICCs para a confiabilidade da medição intra-observador no R1 e R2 foram 0,865 e 
0,766, respetivamente. Para a confiabilidade da medição inter-observador, os ICCs 
entre R1 vs. R2, R2 vs. R3, e R1 vs. R3 foram 0,865, 0,800 e 0,815, respetivamente 
com p≤0,001. 
Conclusão: A confiabilidade do procedimento na avaliação da espessura muscular 
em idosos é moderada a boa e a confiabilidade da medição é boa a excelente. O 
incremento de experiência pode melhorar a confiabilidade do procedimento. 
 
Palavras-Chave: Idosos, medição ecográfica, bíceps, confiabilidade, espessura 
muscular. 
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INTRODUCTION 
Body composition assessment is an integral part of nutritional assessment, for 
example to diagnose malnutrition, and/or sarcopenia. Decreased fat-free mass (FFM) 
is an important criteria for malnutrition(1). According to the European Working Group on 
Sarcopenia in Older People (EWGSOP), sarcopenia is characterized by loss of muscle 
mass and muscle strength or performance(2, 3). Besides identifying patients with low 
muscularity(4), body composition assessment also allows to evaluate and monitor 
effects of interventions to improve nutritional status, like changes in dietary intake, 
exercise, and/or pharmacologic treatment. 
There are various methods for body composition assessment, such as dual-
energy X-ray absorptiometry (DEXA), computed tomography (CT), magnetic 
resonance imaging (MRI), bioelectrical impedance (BIA) and  ultrasound (US)(5, 6).  
US is a valid(7), bedside, simple, quick, portable, real-time method without 
ionizing radiation imaging, which allows not only to quantify muscle thickness but also 
to qualify the muscle (for example, assessment of fat infiltration or connective tissues). 
In contrast to DEXA and CT, US allows doing repeated measurements without any 
consequences to one’s health. US is a method less expensive than CT and MRI and 
does not require high skills and experience as for CT and MRI(1, 5, 8-10). Besides that, US 
is able to assess small muscles, for example biceps. Biceps muscle assessment would 
have clinical value, as nutrition deprivation is known to lead to a muscle loss mostly in 
upper body muscles, for example muscles in the arms(11). All these advantages make 
US a promising method in clinical and residential settings.  
There are two types of ultrasound devices: Amplitude-Mode US (A-Mode US) 
and Brightness-Mode US (B-Mode US). Examples of A-mode US images 
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(BodyMetrixTM BX2000) and B-mode US images are available in Appendix 1. 
One limitation associated to US (and not solved yet) is the absence of 
consensus on the best protocol that should be followed in ultrasound measurements(12). 
Therefore, the exact measuring points of a specific muscle and the level of 
compression to apply are also not established(1). This causes variability in performance 
of US measurements, which results in poor reliability that includes both intra- and inter-
rater reliability of US measurements. Another challenge is the difficulty to analyse US 
images, when determining muscle thickness. Adipose tissue and muscle tissue have 
similar acoustics impedances and, consequently, the boundary between these two 
tissues could be wrongly delineated. Therefore, it can decrease inter-rater reliability. 
Another factor that may influence inter-rater reliability is the experience of each rater in 
US(1, 13). 
 Previous studies in which intra- and inter-reliability of muscle thickness was 
assessed US, were mostly performed in Intensive Care Unit patients(4, 7, 14, 15). Only few 
studies were performed in older adults(16, 17). Quadriceps was the most assessed 
muscle(4, 14, 18, 19) and almost all studies used a B-mode US(4, 14-17, 20-22). The majority of 
them included two raters(14-18, 21, 23), and, in general, intra-reliability was higher than inter-
reliability, despite of both being excellent(4, 18, 22, 23). It is important to take into account 
that the excellent reliability was found in studies that assessed large muscles(4, 18), that 
are easier to assess than small muscles, and in studies that had more than one rater 
with experience in ultrasound(4, 18, 22), which could positively influence the results. 
Besides that, the different cut-offs used in studies could result in differences in 
evaluation of reliability. Only one study distinguished the reliability related to the way 
that procedure was followed, i.e. procedural reliability, and the reliability associated to 
the analysis of ultrasound images, i.e. measurement reliability(16).  
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Therefore, in this study both “procedural reliability” and “measurement reliability”. 
were addressed, as well as both intra- and inter-rater reliability. 
AIM OF THE STUDY 
This study aims to assess intra- and inter-rater procedural and measurement 
reliability of biceps muscle thickness assessment by US in elderly. 
Hypotheses 
 Intra-rater procedural reliability in biceps muscle thickness assessment by 
US in elderly is moderate; 
 Inter-rater procedural reliability in biceps muscle thickness assessment by 
US in elderly is moderate; 
 Intra- and inter-rater measurement reliability of muscle thickness by US in 
elderly is higher than its intra- and inter-rater procedural reliability. 
METHODS AND PARTICIPANTS 
Forty-one persons living in a nursing home (Vale S. Cosme or São Pedro de 
Bairro) or adult day center (Vale S.Cosme) were recruited for this observational cross-
sectional study (7 men and 34 women). The following inclusion criteria were used: male 
or female; living in a nursing home or in an Adult Day Center since at least 1 month; 
age older than 65 years. The following exclusion criteria were used: being bedridden; 
taking muscle relaxants; having any scar on the arm that was measured due to any 
surgery or burn; having any neuromuscular disease; having unclear ultrasound images 
after imaging acquisition. Before participating, all participants were verbally informed 
about experimental procedures and they signed an informed consent, which also 
included the explanation about experimental procedures.  
Sex and age were noted, however anonymity of participants was maintained. 
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Anthropometric measurements (weight and mid upper arm circumference [MUAC]) and 
US measurements (upper arm anterior-biceps) were performed in each participant. 
Due to lack of a stadiometer, the height of participants was retrieved from a clinical 
record. Body Mass Index (BMI) was calculated and was categorized according to the 
cut-offs defined by World Health Organization(24). 
In this study three raters participated: two (rater 1 and rater 2) had “beginners’ 
level” of experience, and rater 3 was experienced in performing and analysing 
ultrasound images. Rater 1 performed anthropometric measurements, US 
measurements and US imaging analysis, rater 2 performed US measurement and US 
imaging analysis, and rater 3 performed imaging analysis.  
 
Anthropometric measurements acquisition 
Rater 1 performed all anthropometric measurements. To obtain anthropometric 
measurements of each participant, the right side of the body was used and 
anthropometric landmarks were previously marked, according the techniques of 
International Standards of Anthropometric Assessment(25). During anthropometric 
measurements, subjects were standing and relaxed. For this procedure, a weighing 
scale (SECA, model 761), large sliding caliper, segmometer and anthropometric tape 
were used. The anatomical landmarks which were used to obtain arm circumference 
were acromiale point, radiale point and mid-acromiale-radiale point. To ensure that 
anthropometric measurements and ultrasound measurements were performed at the 
same location, these sites were previously marked by a surgery pen. 
 
Biceps measurements 
In imaging acquisition, cross-sectional images of the biceps were obtained. In 
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imaging analysis, the largest thicknesses of the biceps (in milimeters) was assessed.  
Imaging Acquisition 
Images were acquired in the following order: rater 1 (“Proc1”), rater 2 (“Proc2”) 
and once again rater 1 (“Proc3”). Proc1 and Proc3 were performed with a time interval 
of 5 minutes. Rater 1 and 2 measured all participants and were blinded to the other 
rater’s readings. The device BodyMetrixTM BX2000 (IntelaMetrix), a 2.5 MHz A-mode 
ultrasound, coupled with Body View Professional Software version 1.0.6.7425 
(IntelaMetrix) was used for imaging acquisition and imaging analysis. 
During the imaging acquisition, subjects were standing and relaxed, and the 
right arm in supine position was used, in fixed position. Conducting gel was placed in 
the ultrasound transducer head and in the measurement site of the participant, to 
reduce friction and allow the transducer to easily move on the skin. Then, scanning 
started from 1 cm above the mid-acromiale-radiale anterior point until distal insertion of 
biceps, during 5 seconds. The protocol developed for the imaging acquisition can be 
found in Appendix 2.  
Imaging Analysis 
Imaging analysis was performed by rater 1, rater 2 and rater 3. Rater 1 analysed 
images generated from “Proc1” and “Proc3”. After 7 days(26), rater 1 analysed again 
images generated from “Proc1”. The period of 7 days was considered enough to not 
remember the first series of analysis. Therefore, images analysed by rater 1 were 
labelled as “Proc1_R1_M1”, “Proc3_R1” and “Proc1_R1_M2”. Rater 2 analysed 
images from “Proc2” acquired by himself, images from “Proc1” performed by rater 1, 
and 7 days after, rater 2 re-analysed “Proc1”. Images analysed by rater 2 were labelled 
as “Proc2_R2”, “Proc1_R2_M1” and “Proc1_R2_M2”. Rater 3 only once analysed 
“Proc1” acquired by rater 1. Images analysed by rater 3 were labelled as “Proc1_R3”. 
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Muscle thickness (in milimeter; mm) was determined from the interface between 
adipose tissue and muscle tissue (fascia) to the interface between muscle tissue and 
bone tissue. Each rater measured the largest biceps thickness in each US image three 
times, and then calculated the mean of these three biceps thicknesses.  
 
Statistical Analysis 
A calculation was performed to assess in which sample size the statistical tests 
would have sufficient “power”, i.e. if the study findings are valid to detect a difference(27). 
For this calculation we used a sample size calculator developed by the Clinical & 
Translational Science Institute(28), based on a correlation coefficient of r=0.5(29), type I 
error α= 0.05 and a type II error β=0.20(27).The calculation resulted in a needed number 
of 29 participants. Data were entered in a database [Excel version 2010]. Before the 
start of the analysis, data were checked on errors of transcription. Normality of data was 
assessed by Shapiro-Wilk test(30). Descriptive statistics were used, in which categorical 
variables are presented as numbers and percentages, continuous variables are 
presented as mean and standard deviation (SD). For statistical analysis, eight pairs of 
variables were defined, as shown in table 1.  
To assess the level of agreement between the different imaging analyses, 
Pearson Correlation Coefficient (r) was used. Correlation was considered very poor if 
r=0 to 0.25, poor if r=0.25 to 0.5, moderate if r=0.5 to 0.75, strong if r=0.75 to 0.9, and 
very strong if r=0.9 to 1(31). Reliability between different imaging analyses was assessed 
by Intraclass Correlation Coefficient (ICC). For intra-rater reliability, the one-way 
random model (absolute agreement) was used. For inter-rater reliability, the two-way 
mixed model (absolute agreement) was used. Reliability was considered non-existent if 
ICC=0.00 to 0.25, fair if ICC=0.25 to 50, moderate to good if ICC=0.50 to 0.75 and 
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good to excellent if ICC=0.75 to 1.00(32). Bland-Altman plots were constructed to 
visualize differences between imaging analyses, and any systematic bias or outliers.  
Statistical significance was set at p<0.05. All data were analysed through by 
SPSS version 24.0 (SPSS Inc., an IBM Company, USA) and Bland-Altman plots were 
constructed in statistical analysis software XLSTAT version 2017.1. 
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Pair 1 Proc1_R1_M1 Proc1_R2_M1 
Pair 2 Proc1_R1_M1 Proc1_R3 
Pair 3 Proc1_R2_M1 Proc1_R3 
Intra-
Rater 
Pair 4 Proc1_R1_M1 Proc1_R1_M2 
Pair 5 Proc1_R2_M1 Proc1_R2_M2 
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Inter-
Rater 
Pair 6 Proc1_R1_M1 Proc2_R2 
Pair 7 Proc3_R1 Proc2_R2 
Intra-
Rater 
Pair 8 Proc1_R1_M1 Proc3_R1 
Proc1: Procedure 1 acquired by rater 1; Proc2: Procedure 2 acquired by rater 2; Proc3: Procedure 
3 acquired by rater 1; R1: Analysis done by rater 1; R2: Analysis done by rater 2; R3: Analysis 
done by rater 3; M1: Moment 1 of analysis; M2: Moment 2 of analysis. Proc1_R1_M1: Procedure 1 
analysed by rater 1 in moment 1; Proc1_R2_M1: Procedure 1 analysed by rater 2 in moment 1; 
Proc1_R3: Procedure 1 analysed by rater 3; Proc1_R1_M2: Procedure 1 analysed by rater 1 in 
moment 2; Proc1_R2_M2: Procedure 1 analysed by rater 2 in moment 2; Proc2_R2: Procedure 2 
analysed by rater 2; Proc3_R1: Procedure 3 analysed by rater 1. 
Ethics 
The study was performed according to the Declaration of Helsinki - ethical 
principles for medical research involving human subjects(33), and the study was 
approved by the Ethics Committee of the University of Porto. 
Table 1. Pairs defined for statistical analysis of intra- and interrater reliability 
8 
RESULTS 
Characterization of the study sample 
From the initial 41 participants, 11 participants were excluded because in 10 
participants ultrasound images were not clear and 1 had a neuromuscular disease 
(amyotrophic lateral sclerosis). Therefore, the final sample size was 30 older adults, 
with a mean age of 82 years (SD 6.3 years), of which 80% were women (n=24). Mean 
BMI was 26.7 kg/m2 (SD 5.4 kg/m2). Finally, the mean upper arm circumference of all 
30 older adults was 28.0 cm with a SD of 4.1 cm. Characteristics of the study sample 
can be found in Appendix 3. Mean BMI and MUAC of excluded people did not differ 
from the people included in the analysis. 
 
Reliability 
In Appendix 4, the mean of the three largest biceps thicknesses of each US 
image, by each rater, is presented. All of them have normal distribution (p>0.05) and 
data were complete. 
Measurement Reliability 
For the assessment of inter-rater measurement reliability, pair 1, pair 2 and pair 
3 were used. To assess intra-rater measurement reliability, pairs 4 and 5 were used. 
Results are presented in table 2. In Bland-Altman plots, in pairs 1 and 4 it was found a 
negative correlation between the mean of the largest biceps thicknesses compared in 
each pair and the difference between these two largest biceps thicknesses. In the other 
Bland-Altman plots of the others pairs, a positive correlation was verified between these 
two variables. These plots can be found in Appendix 5. 
Procedural Reliability 
For the assessment of inter-rater procedural reliability, pairs 6 and 7 were used 
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and to assess intra-rater procedural reliability pair 8 was used. Results are also 
presented in table 2. In all Bland-Altman plots it was verified a positive correlation 
between the mean of the largest biceps thicknesses compared in each pair and the 
difference between these two largest biceps thicknesses. These plots can also be 
found in Appendix 5. 
DISCUSSION 
The results of this study indicate that assessment of biceps muscle in older 
adults can be performed reliably. We found a moderate to good intra- and inter-rater 
procedural reliability and a good to excellent intra- and inter-rater measurement 
reliability. In addition, measurement reliability of raters considered beginners was not 
different from measurement reliability of the rater considered experienced in imaging 
analysis. 
As hypothesized, both intra- an inter-rater procedural reliability in muscle 
thickness assessment of elderly were moderate to good. However, intra- and inter-rater 
measurement reliability of muscle thickness by US were higher than intra- and inter-
rater procedural reliability of muscle thickness by US. This finding was also in line with 
our hypothesis, since repeating the full procedure for performing an ultrasound 
measurement requires more handling than other steps in the imaging analysis and, 
consequently, it could have a higher error associated to the rater. 
This is the first study that assessed reliability of biceps muscle thickness 
assessment using BodyMetrixTM BX2000 and therefore it is not possible to compare 
this study with other studies. Thus far, BodyMetrixTM BX2000 was mostly used to 
quantify FM through prediction equations predefined in software(34-37). In some studies 
this device was also used to estimate whole body FFM from multiple point 
measurements(35, 36). 
10 
 
  
r ICC Bland-Altman Plot 
 
  p r value p ICC value Bias Upper LOA Lower LOA R
2 
Pair 1 
Proc1_R1_M1 
<0.001 0.884 <0.001 0.865 1.044 5.335 -3.246 0.0016 
Proc1_R2_M1 
Pair 2 
Proc1_R1_M1 
<0.001 0.820 <0.001 0.815 0.571 5.712 -4.570 0.0193 
Proc1_R3 
Pair 3 
Proc1_R2_M1 
<0.001 0.804 <0.001 0.800 -0.473 4.962 -5.909 0.0271 
Proc1_R3 
Pair 4 
Proc1_R1_M1 
<0.001 0.888 <0.001 0.865 1.071 5.351 -3.209 0.0067 
Proc1_R1_M2 
Pair 5 
Proc1_R2_M1 
<0.001 0.843 <0.001 0.766 -1.535 3.324 -6.393 0.1619 
Proc1_R2_M2 
Pair 6 
Proc1_R1_M1 
<0.001 0.638 <0.001 0.622 -0.648 6.310 -7.605 0.0770 
Proc2_R2 
Pair 7 
Proc3_R1 
0.003 0.529 0.001 0.534 -0.391 6.657 -7.439 0.0032 
Proc2_R2 
Pair 8 
Proc1_R1_M1 
<0.001 0.633 <0.001 0.630 -0.257 6.825 -7.338 0.0480 
Proc3_R1 
r: Pearson Correlation Coefficient; ICC: Intraclass Correlation Coefficient; LOA: Limits of agreement; Proc1_R1_M1: Procedure 1 analysed by rater 1 in 
moment 1; Proc1_R2_M1: Procedure 1 analysed by rater 2 in moment 1; Proc1_R3: Procedure 1 analysed by rater 3; Proc1_R1_M2: Procedure 1 analysed 
by rater 1 in moment 2; Proc1_R2_M2: Procedure 1 analysed by rater 2 in moment 2; Proc2_R2: Procedure 2 analysed by rater 2; Proc3_R1: Procedure 3 
analysed by rater 1; R
2
: regression line. 
Table 2. Results of measurement and procedural reliability. 
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Only few studies reported on inter-rater measurement reliability of ultrasound. 
In one study, which assessed thigh muscles of healthy subjects in bed-rest position by 
two raters with some training in US, the results were slightly better (ICC=0.963-
0.991)(21) than the ones obtained by our two raters considered “beginners” (ICC=0.865). 
One possible reason for our lower reliability found may be existence of differences in 
methodology used in each study: while in that study the participants were healthy adults 
that were in bed-rest position during imaging acquisition, in our study the participants 
were older adults that were standing during imaging acquisition. Bed-rest position 
requires less mobilization to perform the measurements than standing position. Besides 
that, older adults have more difficulties in maintaining requested position than younger 
adults. Moreover, with ageing, muscle quality gets worse, which may increase fat 
infiltration in the muscle(16), which may hinder image quality and measurement 
reliability. 
In another study, which evaluated rectus femoris muscle of patients with critical 
illness, the reliability found between US users at beginners level were similar to ours 
(ICC=0.851-0.968)(7). With regard to measurement reliability between “beginner” rater 
and “experienced” rater, one study that assessed lumbar multifidus muscle (a deep 
muscle located along the back of the spine) in community-dwelling older adults in 
supine position by two raters (one considered beginner and the other considered 
experienced in US) found a good to excellent reliability (ICC=0.91-0.93)(16), also slightly 
higher than ours (ICC=0.815 and ICC=0.800). One possible reason for our results 
being lower may be the difference between participants’ position in these studies: in our 
study participants were standing and not in supine position, being more difficult to 
maintain the requested position, which can negatively affect the results.  
No studies on intra-rater measurement reliability, in any kind of muscle 
12 
assessment by ultrasound, were found, which hinders comparison of our results with 
others. With regard to procedural reliability of ultrasound, it is important to emphasize 
that, in our study, imaging acquisition was only performed by raters considered 
“beginners”, which could have negatively affected reliability. Considering inter- and 
intra-rater procedural reliability, three studies were found, which included raters 
considered “not experienced”, with better results than ours (Inter-Rater:  ICC=0.71(23), 
ICC=0.995(15) and ICC=0.70-0.99(17); Intra-Rater: ICC=0.97(23), ICC=0.949(15) and 
ICC=0.69-0.99(17)). Differences in methodology and sample may have caused this 
discrepancy between the results of other studies and ours. One study was performed in 
a young sample (mean age 18.8 years [SD 2.5 years]), and younger muscles may be 
easier to assess(23). Another study performed US measurements in muscles bigger 
than biceps muscles(17), which can also originate better results than ours.  
In two Bland-Altman plots, i.e. in pair 1 (inter-rater measurement reliability) and 
in pair 4 (intra-rater measurement reliability), a negative correlation between the 
average and the differences were found, which indicates that the higher the average, 
the smaller the difference. This might suggest that reliability might be better in thicker 
muscles.   
This research can draw multiple implications for practice. The fact that both 
measurement and procedural reliability were assessed allows to understand that US 
can be performed with a moderate procedural reliability and an excellent measurement 
reliability by raters considered not experienced in US, for example by nutritionists. Since 
US is a portable, quick, safe(5), and not expensive method, it has additional value for 
nutritional assessment, to diagnose, evaluate and monitor malnutrition and or 
sarcopenia. However, the introductory course “Body Composition Assessment: An 
Introduction to Computed Tomography and Ultrasound”, with 1.5 hours of practising 
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with BodyMetrixTM BX2000, attended by the raters with “beginners level” prior to this 
study, was not sufficient to achieve an excellent reliability. More training could be 
beneficial to improve procedural reliability. In addition, a protocol was created for this 
study, with the aim to standardize the measurements as much as possible. This 
protocol can be further used by other researchers in the future.  
This study also has some limitations. The use of different gels during imaging 
acquisition, due to lack of resources, could be considered a limitation. Some of the gels 
were not compatible with the device used and, consequently, it caused differences in 
friction between the device and the skin, and differences in the compression used by 
raters during imaging acquisition. In addition, the study design was limited by the fact 
that rater 3, who was experienced in imaging analysis, did not perform imaging 
acquisition. Therefore, we could not compare imaging acquisitions performed between 
raters with “beginners” level and the “experienced” rater, which hindered us to 
understand if different levels of experience in US affect procedural reliability. Finally, 11 
of 41 initial participants could not be included in this study. In 10 of the excluded people, 
ultrasound images were not clear. In the literature, the existence of poor images is 
rarely reported, however it could be due to the difficulty to find a reason for that. 
However, it cannot be ruled out that the poor quality of the image might be related to 
the image procedure. 
CONCLUSION 
The results of this study show a moderate to good intra- and inter-rater 
procedural reliability and good to excellent intra- and inter-rater measurement reliability. 
This suggests that US can be a bedside tool for biceps muscle thickness assessment 
in elderly even with raters with low skills in US method. Procedural reliability was lower 
14 
than measurement reliability, probably because raters that performed imaging 
acquisition only had a small training. 
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Appendix 1 – A-Mode and B-mode ultrasound images 
 
Figure 1. A-Mode ultrasound cross-sectional image of upper arm anterior- biceps. 
 
 
Figure 2. B-Mode ultrasound cross-sectional image of rectus femoris.  
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Appendix 2 – Protocol for Imaging Acquisition 
 
1. Put the participant standing and relaxed, advising him that imaging 
acquisition will be done in the right upper arm anterior zone of his body; 
2. Ask to participant to put right arm relaxed and in supination; 
3. Take the transducer of device BodyMetrixTM BX2000 (IntelaMetrix), 
2,5MHz, A-mode ultrasound, and put conducting gel in the head of the 
transducer (to reduce friction and allow the transducer to easily move on 
the skin); 
 
Figure 1. Placing conducting gel on the head of the transducer 
 
4. Support the weight of the right arm of the participant with the hand that is 
not taking the transducer (with the aim to maintain the arm of the participant 
in a fixed position); 
5. With the head of the transducer, spread gel in right upper arm anterior zone 
of participant; 
28 
 
Figure 2. Spreading gel in right upper arm anterior zone of participant 
 
6. To obtain a cross-sectional image, orient the transducer transversally to the 
longitudinal axis of the arm, forming a 90º angle in relation to the skin 
surface; 
 
Figure 3. Correct orientation of the transducer in relation to skin surface 
 
7. Applying minimal pressure to the transducer, start scanning from 1 cm 
above the mid-acromiale-radiale point (previously marked) until distal 
insertion of biceps, during 5 seconds.  
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Appendix 3 – Descriptive statistics of sociodemographic variables (n=30) 
 
Age (y) 
Mean 82 
SD 6.3 
Sex 
Men 
N 6 
Percentage (%) 20.0 
Women 
N 24 
Percentage (%) 80.0 
Weight (kg) 
Mean 64.8 
SD 13.2 
Height (m) 
Mean 1.56 
SD 0.06 
BMI (kg/m²) 
Mean 26.7 
SD 5.4 
BMI Categories (kg/m²) 
Underweight (BMI 
<18.5 kg/m2) 
N 1 
Percentage (%) 3.3 
Normal Weight 
(BMI 18.5-24.9 
kg/m2) 
N 12 
Percentage (%) 40.0 
Overweight (BMI 
25.0-29.9 kg/m2) 
N 9 
Percentage (%) 30.0 
Obesity 
(BMI ≥30.0 kg/m2) 
N 8 
Percentage (%) 26.7 
MUAC (cm) 
Mean 28.0 
SD 4.1 
             SD: Standard Deviation; BMI: Body Mass Index; MUAC: Mid upper arm circumference. 
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Appendix 4 –  Biceps thickness* per measurement (mm) 
 
* Mean of three values 
Proc1_R1_M1: Procedure 1 analysed by rater 1 in moment 1; 
Proc1_R2_M1: Procedure 1 analysed by rater 2 in moment 1; 
Proc1_R3: Procedure 1 analysed by rater 3; 
Proc1_R1_M2: Procedure 1 analysed by rater 1 in moment 2; 
Proc1_R2_M2: Procedure 1 analysed by rater 2 in moment 2; 
Proc2_R2: Procedure 2 analysed by rater 2; 
Proc3_R1: Procedure 3 analysed by rater 1. 
 Personal 
ID 
Proc1_R1 _M1 Proc1_R2_M1 Proc1_R3 Proc1_R1_M2 Proc1_R2_M2 Proc2_R2 Proc3_R1 
1935F30 19.6 20.5 18.5 18.2 19.8 23.3 19.3 
1941F31 24.8 24.5 24.1 22.9 25.3 25.4 24.8 
1938F33 23.4 24.9 24.3 20.4 24.5 27.0 26.9 
1934M36 31.9 32.6 30.3 32.6 32.2 29.4 30.9 
1933M48 22.7 17.7 20.6 18.7 26.5 24.4 23.1 
1929F49 24.2 25.5 23.4 25.4 25.8 28.9 24.4 
1923M50 25.6 27.6 25.3 28.1 27.9 29.7 28.8 
1936M51 35.8 28.9 31.7 29.8 29.0 25.6 23.5 
1929F54 25.5 24.3 23.7 25.7 24.3 25.2 20.3 
1938F55 22.1 22.6 22.8 23.4 22.7 23.6 26.1 
1933F56 24.5 23.6 23.9 25.8 25.1 30.5 26.7 
1930F71 20.5 19.7 29.9 19.4 19.9 20.2 28.8 
1940F73 23.5 21.0 21.4 22.2 23.1 24.8 23.3 
1996F74 16.2 11.1 15.9 11.0 19.1 15.4 19.2 
1932F75 18.2 18.2 17.6 18.8 18.4 20.4 20.1 
1939F76 16.4 17.0 16.2 17.2 16.8 16.9 17.1 
1996F77 18.3 19.1 22.1 18.1 24.6 24.4 20.6 
1944F78 24.5 22.0 23.5 24.2 23.9 22.3 26.7 
1938F79 19.8 20.2 22.0 21.7 21.5 25.4 21.5 
1933M80 26.4 21.9 26.2 20.6 27.2 22.6 24.4 
1928F81 24.2 21.3 20.8 21.6 23.4 21.7 25.4 
1926M82 31.8 30.9 30.9 30.4 31.4 29.1 31.3 
1923F83 21.8 22.0 22.6 22.3 22.6 23.8 21.4 
1938F84 25.7 26.3 24.6 25.6 25.8 26.3 22.2 
1945F86 15.8 13.0 16.2 13.5 18.3 19.6 17.0 
1924F88 25.2 22.7 19.3 23.5 24.2 22.2 21.6 
1929F90 21.5 21.4 20.7 18.9 22.2 23.6 21.0 
1941F91 23.0 21.4 19.4 22.5 22.2 23.6 22.9 
1932F93 24.2 24.0 22.9 22.9 24.1 20.2 28.7 
1941F94 25.1 24.9 24.2 24.4 25.1 26.1 21.9 
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Appendix 5 – Bland-Altman Plots 
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Figure 1. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R1_M1 and 
Proc1_R2_M1 (inter-rater measurement 
reliability). 
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Figure 2. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R1_M1 and 
Proc1_R3 (inter-rater measurement reliability).  
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Figure 4. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R1_M1 and 
Proc1_R1_M2 (intra-rater measurement 
reliability).  
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Figure 3. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R2_M1 and 
Proc1_R3 (inter-rater measurement reliability).  
 
5.0 
-5.9 
-0.5 
R
2
= 0.0271 
34 
 
-14
-12
-10
-8
-6
-4
-2
0
2
4
6
8
10
12
14
15 17 19 21 23 25 27 29 31 33 35
D
if
fe
re
n
c
e
 P
a
ir
 5
 (
m
m
) 
Average Pair 5 (mm) 
Bland and Altman plot - Pair 5 
Bias CI (95%) Linear (OK)
Figure 5. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R2_M1 and 
Proc1_R2_M2 (intra-rater measurement 
reliability).  
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Figure 6. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R1_M1 and 
Proc2_R2 (inter-rater procedural reliability).  
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Figure 7. Bland-Altman analysis for biceps 
muscle thickness between Proc3_R1 and 
Proc2_R2 (inter-rater procedural reliability).  
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Figure 8. Bland-Altman analysis for biceps 
muscle thickness between Proc1_R1_M1 and 
Proc3_R1 (intra-rater procedural reliability). 
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